Peripheral nerve sheath tumors (PNSTs) arise from endoneurial fibroblasts and/or schwann cells that surround the axons of neurons in peripheral nerves. Malignant PNSTs (MPNSTs) preferentially invade the fascicles of the nerve \[[@r2], [@r17]\]. This invasiveness explains the higher recurrence rate after surgical resection \[[@r6]\]. In dogs, MPNSTs arise most commonly from peripheral nerves, spinal roots, and cranial nerves \[[@r11]\]. PNSTs arising within the abdomen have been observed, including in the spleen, liver, kidney, adrenal gland, greater omentum, and diaphragm in dogs \[[@r1], [@r14]\]. Although there are a small number of reports of PNSTs invading into the thoracic cavity through the nerve root in dogs, humans, and cows \[[@r4], [@r9], [@r12], [@r16]\], this is the first report in humans or animals of MPNSTs invading into the abdominal cavity through the nerve root.

A 9-year-old, neutered male Wire Fox Terrier was admitted with a history of hind limb paresis for approximately 1 month. Treatment with steroids gave an initial improvement, but clinical signs deteriorated. On the initial referral to hospital (day 1), all vital parameters were normal. Serum biochemical examinations found a marked elevation of alanine transaminase (ALT, 428 U/*l*), alkaline phosphatase (ALP, 3,313 U/*l*), creatine phosphokinase (CPK, 1,373 IU/*l*), lipase (824 IU/*l*), and total bile acids (TBA, 26.1 *µ*mol/*l*). The whole cell blood count (CBC) was in normal range. His mental status was alert during the neurological examination. Postural reaction deficits of the hind limbs were noted, with paraparesis and urinary incontinency. Spinal reflexes of all limbs and cranial nerve functions were unremarkable. The lesion was suspected to be localized in the T3--L3 spinal cord segment. Radiographs and computed tomography (CT) showed enlargement of the spinal canal at the L2 level. A magnetic resonance imaging (MRI) scan using a 0.4 T unit (APERTO Eterna; Hitachi Healthcare, Kashima, Japan) was performed. The sequences included T2-weighted images (T2WI; TR, 4,500; TE, 13), fluid-attenuated inversion recovery (FLAIR; TR, 9,000; TE, 100), T1-weighted images (T1WI; TR, 350; TE, 13), and postcontrast T1WI. Images of the transverse, dorsal, and sagittal planes were acquired in each sequence. Scrutiny of the images revealed a mass at the level of the L2 vertebral canal, mainly on the right side. The mass appeared isointense on T1WI, and hyperintense on T2WI and FLAIR. This lesion was enhanced by gadolinium-based contrast medium (0.1 mmol/kg, Omniscan, Daiichi Sankyo, Tokyo, Japan; [Fig. 1A, 1B](#fig_001){ref-type="fig"}Fig. 1.Sagittal (A) and transverse (B) postcontrast T1WI at initial referral. (A) Contrast-enhanced mass was observed at the level of the L2 vertebral canal (arrow). (B) The mass was mainly on the right side and it compressed the spinal cord.). The mass compressed the spinal cord from the right side.

On day 7, the dog was paraplegic, without deep perception of the pelvic limbs. After a consultation with the owner, surgical removal of the tumor was chosen. The surgery was performed via a right dorsal approach to the L2 vertebra. A right hemilaminectomy was performed between L1-L3. The mass was found in intradural-extramedullary region and in the nerve root. Gross total resection of the mass of nerve root was performed. However, residual tumor was observed in the peripheral nerve intraoperatively. Tissue samples were fixed in 10% neutral buffered formalin, processed routinely and embedded in paraffin wax. Sections were cut at 4 *µ*m thick and stained with hematoxylin and eosin (HE) and used for immunohistochemistry. Histopathologically, the tumor was consisted with pleomorphic spindle cells, arranged mostly in interwoven with a round or elliptical nucleus. Mitotic figures were occasionally observed ([Fig. 2A](#fig_002){ref-type="fig"}Fig. 2.Histological and immunohistochemical staining of the tumor. (A) The mass consisted of density packed tumor cells and spindle-shaped cells arranged in interwoven bundles. Mitotic figure was occasionally observed (arrow head, mitotic rate: 0.3%). Hematoxylin and eosin stain. (B--G) The tumor cells were stained positively for S-100 (B), neuron-specific enolase (C), nerve growth factor receptor (D), nestin (E) and a part of the tumor cells showed positive reaction for Class III β-Tubulin (F) and glial fibrillary acidic protein (G). As expected, the tumor cells were negative for α-smooth muscle actin (H). Bars=200 *µ*m.). Immunohistochemical staining (IHC) was performed using the polymer immunocomplex method (Envision^TM^ Dakocytomation, Glostrup, Denmark) with 3,3-diaminobenzidine (DAB) and counterstained with Mayer's hematoxylin. The primary antigen to evaluate of MPNST used for IHC were as follows; rabbit polyclonal anti-S100 protein (Dakocytomation), rabbit polyclonal anti-neuron-specific enolase (NSE, Abcam, Cambridge, UK), mouse monoclonal anti-Class III β-Tubulin (Promega, Madison, WI, USA), mouse monoclonal anti-nerve growth factor receptor (NGFR, Leica Biosystems Newcastle Ltd., Newcastle, UK), rabbit polyclonal anti-nestin (IBL, Gunma, Japan), rabbit polyclonal anti-glial fibrillary acidic protein (GFAP, Dako Japan, Tokyo, Japan), and rabbit polyclonal anti-α-smooth muscle actin (α-SMA, Dakocytmation). Antigen retrieval pre-treatment was carried out by heating the tissue sections in target retrieval solutions (pH 6.0 or high pH, Dako) in an autoclave for either 15 min or 1 min at 121°C. To quench endogenous peroxidase activity, the specimens were incubated with 0.3% hydrogen peroxide in methanol for 20 min at room temperature. They were then treated with Protein Block Serum-free solution (Dako) for 30 min to prevent the binding of nonspecific proteins to primary antibodies. The primary antibodies were incubated overnight at 4°C. Sections were rinsed after every step with phosphate-buffered saline (PBS) containing 0.1% Tween 20 (Sigma-Aldrich, St. Louis, MO, USA). For the negative control, the primary antibodies were replaced with PBS. The neoplastic cells were positive for S-100, NSE, NGFR, Class III β -tubulin, nestin, GFAP and negative for α-SMA ([Fig. 2B--H](#fig_002){ref-type="fig"}). Based on histological features and immunohistochemical expression, this tumor was diagnosed as MPNST classified as of the root group. On day 12 the dog was ambulatory, and controlled urination by himself. With the consent of the owner, the postoperative radiotherapy of the L2 region was initiated on day 26 (2 Gy daily, total 42 Gy) until day 57.

Hind limb ataxia was observed on day 232, and neurological examination detected reduction of postural reactions in the hind limbs. MRI revealed an intramedullary lesion at the level of L1-L2, which was hyperintense on a T2W/FLAIR image and mild contrast enhancement of the lesion. Treatment with prednisolone initially yielded improvement, but the dog was paraplegic without pain perception of the pelvic limbs. On day 431, anorexia, weight loss, and abdominal distension was observed in the clinic. CBC and serum biochemical examinations revealed anemia \[hematocrit (HCT), 21.1%\], Leukocytosis \[white blood cells (WBC), 54,000 cells/*µl*\], and marked elevation of blood urea nitrogen (BUN, 62 mg/d*l*). The mass was detected in the abdominal cavity, and the owner did not request further treatment. On day 441, the dog died.

On necropsy, a large mass (22 × 19 × 17 cm) was occupying in the abdominal cavity ([Fig. 3A](#fig_003){ref-type="fig"}Fig. 3.Gross appearance of the abdominal mass at necropsy. (A) A large mass of dimension 22 × 19 × 17 cm occupied the abdominal cavity. The mass had a smooth, dark whitish-red surface. Bar=5 cm. (B) The abdominal mass developed from the right side of the L2-nerve (arrow).). Peritonitis, intestinal necrosis, and intestinal perforation were also observed. The abdominal mass had invaded from the right side of the L2-nerve ([Fig. 3B](#fig_003){ref-type="fig"}). Nodules were noted on the greater omentum and the intraperitoneal surface of the diaphragm. The histopathological examination revealed recurrence of MPNST in the spinal cord. The tumor was consisted with pleomorphic spindle cells, arranged mostly in interwoven with a round or elliptical nucleus. Mitotic figures were occasionally observed. Similar histopathological features of the tumor cells were also observed in the abdominal mass, and the nodules on the greater omentum and the intraperitoneal surface of the diaphragm. Immunohistochemistry for Ki-67 was performed as described previously \[[@r8]\]. The percentage of Ki-67-positive cells in each tumor tissue, indicating as a proliferative index, was calculated from the proportion of reddish brown-positive nuclei in a total of over 1,000 neoplastic cells (from more than 5 high-power fields) ([Fig. 4A, 4B](#fig_004){ref-type="fig"}Fig. 4.Immunohistochemical for Ki-67 of the intradural extramedullary mass at surgery (A) and the abdominal mass at necropsy (B). Positive nuclei for Ki-67 were observed. Bars=50 *µ*m.). The index of intradural-extramedullary masses at first surgery and necropsy were 34.6% and 26.5%, respectively.

In dogs, most MPNSTs commonly affect spinal nerve root in the lower cervical region \[[@r3]\]. Median relapse free intervals of the root group after surgery was 1 month (range, 0 to 14 months), therefore most cases were euthanized due to the sign of relapse \[[@r3]\]. In this study, the dog had approximate 7 months of free relapse period, probably because of the radiotherapy \[[@r10], [@r13]\]. The abdominal mass was formed by the invasion into the abdominal cavity along the sympathetic nerve.

To test for high grade or malignant transformation, Ki-67 immunohistochemistry was performed. In human PNSTs, Ki-67 can be used for grading or predicting prognosis \[[@r18],[@r19],[@r20]\]. The expression of Ki-67 was about 20--30% at the time of the surgery and necropsy. In humans, the index of Ki-67 was reported to be greater than 5% in high grade MPNSTs \[[@r19], [@r20]\]. The survival time was shorter in human patients having Ki-67 index exceeding 25%. In canine cutaneous PNSTs, the expression of Ki-67 was ranged 0.6--80.9%, showing higher index in MPNSTs (35.4+27.8%) than those in PMSTs (16.3+17%) \[[@r15]\]. The expression of Ki-67 in primary and metastatic lesion in the case were 34.6% and 26.5%, respectively, both of which were greater than 25%, implying that the MPNST in the case was highly aggressive. Gracia *et al.* \[[@r5]\] reported that the Ki-67 was higher in the metastatic lesion than in the primary lesion in dogs \[[@r5]\]. There are some variations, increasing (24%), stable (66%), and decreasing (10%) of Ki-67 in metastatic lesion in human neuroendocrine tumors \[[@r7]\]. Since Ki-67 can be used for grading or predicting prognosis in human PNSTs \[[@r18],[@r19],[@r20]\] and in canine PNSTs \[[@r15]\], Ki-67 is an available marker for physiological states and prognosis in MPNSTs. To our knowledge, this is the first report in humans or animals on the invasion of MPNSTs into the abdominal cavity from the vertebral canal through the nerve root.
